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SPECIFICATION 



SEMICONDUCTOR MEMORY CARD, SEMICONDUCTOR MEMORY 



CONTROL APPRATUS, AND SEMICONDUCTOR MEMORY O 




Technical Field 

The present invention relates to a semiconductor memory 
card, a semiconductor memory control apparatus, and a 
semiconductor memory control method. 



Background Art 

Various kinds of recording media for recording digital 
data such as music contents and visual data are there, such as 
magnetic disks, optical disks, and magnetic optical disks. A 

15 semiconductor memory card, which is one type of such recording 
media, uses a semiconductor memory such as a flash ROM (Read 
Only Memory) as a recording element and makes it possible to 
reduce a size of a recording medium; therefore, semiconductor 
memory card is rapidly spreading with a focus on small size 

20 mobile apparatuses, such as digital still cameras and mobile 
telephone terminals. 

Since data stored in a semiconductor memory card are 
managed by a file system, users can easily treat the stored 
data as a file. There is a FAT file system, used as a 

25 conventional file system, disclosed in ISO/IEC9293, 



i, \ , 
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"Information Technology-Volume and file structure of disk 
cartridges for inf ormation", 1994. In addition, there are UDF 
(Universal Disk Format), NTFS (New Technology File System), 
and the like described in OSTA Universal Disk Format 
5 Specification Revision 1.50, 1997. The semiconductor memory 
card with data managed by such file systems can share a file 
between apparatuses that interpret the same file system; 
therefore, data can be given/received between apparatuses. 

There has been a problem in that the file system needs to 

10 perform a two-stage operation in which data is first erased in 
rewriting data and thereafter data is written, resulting in 
much time consumed until finishing writing completely. 

As a method for solving such a problem, for example, a 
semiconductor storage device disclosed in Japanese Unexamined 

15 Patent Publication No. 11-191297 is heretofore known. The 
present invention has a plurality of nonvolatile memories, 
performs erasing in a second nonvolatile memory when 
performing writing in a first nonvolatile memory, and performs 
rewriting data in a short time by processing them in parallel. 

20 However, in this conventional technology, the erase process is 
performed in parallel regardless of the data size to be 
written in a memory chip. For example, in a NAND type flash 
memory, time for erasing one erase block (normally, 16 KB) is 
to be 2.0 mSec. Accordingly, there has been a drawback in 

25 that it takes lots of time to perform erasing in the case of a 



small data size and, therefore, the entire writing time 
becomes longer after all. 

Disclosure of Invention 
5 The present invention has been made to solve the above- 

mentioned problems. The present invention is directed to a 
semiconductor memory card used by being connected to an access 
unit. The semiconductor memory card comprises: a host 
interface section which sends a control signal and data to the 

10 access unit and receives a signal from the access unit; a 

nonvolatile memory which includes a plurality of nonvolatile 
memory chips and in which a plurality of continuous sectors is 
grouped to be a block as a minimum unit of data erasing; a 
memory controller which controls erasing, writing, and reading 

15 of data with respect to the nonvolatile memory; and a host 

information memory which temporarily stores a data write start 
address and a data size value given by the access unit. 
Herein, the memory controller includes a free physical area 
generation section which determines whether or not to perform 

20 erasing of invalid blocks of the nonvolatile memory based on 
the data write start address and the data size value 
temporarily stored in the host information memory, and 
simultaneously performs writing of data to one nonvolatile 
memory chip and erasing of blocks of another nonvolatile 

25 memory chip when performing erasing of the invalid blocks. 
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The present invention is also directed to a semiconductor 
memory control apparatus which is used in a semiconductor 
memory card and is used by being connected to a nonvolatile 
memory which includes a plurality of nonvolatile memory chips 
and in which a plurality of continuous sectors is grouped to 
be a block as a minimum unit of data erasing. The 
semiconductor memory control apparatus includes: a host 
interface section which sends a control signal and data to an 
access unit and receives a signal from the access unit; a 
memory controller which controls erasing, writing, and reading 
of data with respect to the nonvolatile memory; and a host 
information memory which temporarily stores a data write start 
address and a data size value given by the access unit. 
Herein, the memory controller includes a free physical area 
generation section which determines whether or not to perform 
erasing of invalid blocks of the nonvolatile memory based on 
the data write start address and the data size value 
temporarily stored in the host information memory, and 
simultaneously performs writing of data to one nonvolatile 
memory chip and erasing of blocks of another nonvolatile 
memory chip when performing erasing of the invalid blocks. 

The present invention is also directed to a semiconductor 
memory control method in a semiconductor memory card having a 
nonvolatile memory which includes a plurality of nonvolatile 
memory chips and in which a plurality of continuous sectors is 



grouped to be a block as a minimum unit of data erasing. The 
semiconductor memory control method includes the steps of: 
temporarily storing a data write start address and a data size 
value given by an access unit in a host information memory; 
determining whether or not to perform erasing of invalid 
blocks of the nonvolatile memory based on the data write start 
address and the data size value temporarily stored in the host 
information memory; and simultaneously performing writing of 
data to one nonvolatile memory chip and erasing of blocks of 
another nonvolatile memory chip when performing erasing of the 
invalid blocks. 

According to the present invention, the number of erase 
blocks is determined based on a write start address and a 
write size obtained from the access unit, and the erase block 
is erased in accordance with data writing. Consequently, 
erasing can be performed without exposing the erase time and 
without lowering the processing performance, and a free block 
can be increased. A high-speed access to a semiconductor 
memory card, therefore, can be realized. 

Brief Description of Drawings 

Fig. 1 is an explanatory diagram showing a semiconductor 
memory card and an access unit according to Embodiment 1 of 
the present invention. 

Fig. 2 is an explanatory view showing a table of a 
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logical/physical conversion control section according to 
Embodiment 1 of the present invention. 

..Fig. 3 is an explanatory view showing a configuration of 
erase blocks according to Embodiment 1 of the present 
5 invention . 

Fig. 4 is a flowchart showing a data write process in the 
semiconductor memory card according to Embodiment 1 of the 
present invention . 

Fig. 5 is a flowchart showing processing of subroutine 
10 (1) according to Embodiment 1 of the present invention. 

Fig. 6 is a flowchart showing processing of subroutine 
(2) according to Embodiment 1 of the present invention. 

Fig. 7 is a time chart showing writing of data and an 
erase process of the erase blocks according to Embodiment 1 of 
15 the present invention. 

Fig. 8 is a time chart showing a write process and an 
erase process in a memory chip when a memory controller and a 
nonvolatile memory have a common bus according to Embodiment 1 
of the present invention. 
2 0 Fig.^9^is an explanatory diagram showing a semiconductor 

memory card and an access unit according to Embodiment 2 of 
the present invention. 

Fig. 10 is an explanatory view showing a configuration of 
a nonvolatile memory according to Embodiment 2 of the present 
25 invention. 



Fig. 11 is a time chart showing a write process at a high 
speed mode according to Embodiment 2 of the present invention. 

Fig. 12 is a time chart showing a write process at a low 
speed mode according to Embodiment 2 of the present invention. 
5 Fig. 13 is an explanatory diagram showing a semiconductor 

memory card and an access unit according to Embodiment 3 of 
the present invention. 

Fig. 14 is an explanatory view showing a table of a 
logical/physical conversion control section according to 
10 Embodiment 3 of the present invention. 

Fig. 15 is an explanatory view showing a def ragmentation 
process according to Embodiment 3 of the present invention. 

Fig. 16 is a flowchart showing the def ragmentation 
process according to Embodiment 3 of the present invention. 
15 Fig. 17 is an explanatory diagram showing a semiconductor 

memory card and an access unit according to Embodiment 4 of 
the present invention. 

Fig. 18 is an explanatory view showing a configuration of 
a nonvolatile memory according to Embodiment 4 of the present 
2 0 invention. 

Fig. 19 is a time chart showing a recording process of 
data in a conventional example. 

Fig. 20 is a time chart showing a recording process of 
data according to Embodiment 4 of the present invention. 

25 
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1 1 

Best Mode for Carrying Out the Invention 

Hereinafter, embodiments of a semiconductor memory card, 
a semiconductor memory control apparatus, and a semiconductor 
memory control method according to the present invention will 
5 be described with reference to the drawings. 
(Embodiment 1) 

Fig. 1 is a block diagram showing a semiconductor memory 
card and an access unit according to Embodiment 1 of the 
present invention. In Fig. 1, an access unit 100 is connected 

10 to a semiconductor memory card 111. The semiconductor memory 
card 111 includes a host interface (I/F) section 112, a CPU 
113, a RAM 114, a ROM 115, a memory controller 116, a 
nonvolatile memory 117, and a host information memory 118. 
The host interface section 112 is an interface for 

15 sending/receiving control signals and data to/from the access 
unit 100. The ROM 115 stores a program for controlling the 
semiconductor memory card 111. The program runs on the CPU 
113 using the RAM 114 as a temporary storage area. The memory 
controller 116 is an element for controlling the nonvolatile 

20 memory 117. The nonvolatile memory 117 is a data storage area 
in the semiconductor memory card 111. The memory controller 
116 includes a logical/physical conversion control section 120, 
a free physical area generation section 121, and a nonvolatile 
memory access section 123. The logical/physical conversion 

25 control section 120, as will be described later, includes a 



logical/physical conversion table 131 and an entry table 132. 
Further, the free physical area generation section 121 
determines whether or not to erase invalid blocks of the 
nonvolatile memory 117 based on a data write start address and 
5 a data size sent from the access unit 100, and simultaneously 
performs writing of data and erasing when performing erase of 
the invalid blocks. The nonvolatile memory access section 123 
performs writing, reading, and erasing of data by the memory 
controller 116 directly accessing the nonvolatile memory 117. 

10 In addition, all blocks except for the nonvolatile memory 117 
in the semiconductor memory card constitute a semiconductor 
memory control apparatus . 

The nonvolatile memory 117 is composed of memory chips A 
and B of two flash memories and each nonvolatile memory chip 

15 has a data capacity of 16 MB, for example. The nonvolatile 
memory 117, as will be described later, is composed of an 
address management area and a data area. Two memory chips A 
and B are connected to the memory controller 116 with 
independent bidirectional buses. 

20 Further, the host information memory 118 temporarily 

stores the data write start sector address SA at a sector unit 
given by the access unit 100 and a write size L at the sector 
unit . 

Fig. 2 is an explanatory view showing the 
25 logical/physical conversion control section 120. The 



logical/physical conversion control section 120 is composed of 
the logical/physical conversion table 131 and the entry table 
132. The logical/physical conversion table 131 is a table 
showing conversion from a logical sector address LSA 
5 designated by the access unit 100 to a physical sector address 
PSA. The nonvolatile memory 117 has a space of 2N sectors as 
a logical space,, and logical sector addresses of the memory 
chip A and memory chip B are logically continuous. In the 
logical/physical conversion table 131, the first half part, 

10 that is, logical sector addresses 0 to N-l, is a table area 
corresponding to the nonvolatile memory chip A, and the last 
half part, that is, logical sector addresses N to 2N-1, is a 
table area corresponding to the nonvolatile memory chip B. In 
Fig. 2, assumed that each logical sector has a user data area 

15 of 512 B, when the memory chips A and B each have a data 

capacity of 16 MB, the logical sector address N shown in Fig. 
2 becomes 2 15 . Here, one physical block is formed by 32 
sectors. Accordingly, since each physical block has a 
capacity of 16 KB and this physical block is also a unit which 

20 can be selectively erased, it is called an erase block. 

The entry table 132 is a table showing states of 
respective physical blocks of physical block addresses PBA 0 
to 2M-1, and each physical block is indicated by 2-bit data. 
Here, 00 denotes a valid block in which valid data is recorded, 

25 11 denotes an invalid block that data recorded is invalid data, 

10 



10 denotes a defective block, and 01 denotes an erased block. 
In also the entry table 132, the first half part, that is, the 
physical block addresses 0 to M-l, is a table area 
corresponding to the nonvolatile memory chip A, and the last 
5 half part, that is, the physical block addresses M to 2M-1, is 
a table area corresponding to the nonvolatile memory chip B. 
These two tables 131 and 132 are respectively recorded in 
volatile memories such as RAM. 

Fig. 3 is an explanatory view showing a configuration of 

10 erase blocks arranged in respective memory chips A and B. One 
erase block is composed of pan 32 sectors. Each sector area 
has an area of 528 bytes, which is composed of a data area of 
512 bytes for writing so-called user data and a management 
region (MR) of 16 bytes for writing address management 

15 information. The address management information includes a 
flag or the like which indicates that a corresponding logical 
address and data stored in the data area are valid, invalid, 
or a defective block. Then, during initialization immediately 
after power on, the CPU 113 reads information stored in the 

2 0 management region MR of each erase block of the memory chips A 
and B to produce the logical/physical conversion table 131 and 
entry table 132 of Fig. 2 in the RAM in the logical/physical 
conversion control section 120. 

The operation in writing period of the thus-configured 

25 semiconductor memory card will be described by using 

11 



flowcharts of Figs. 4 to 6 and time charts of Figs. 7 and 8. 
When writing, the access unit 100 first transfers the data 
write start sector address SA and the write size L to the 
semiconductor memory card 111 in addition to a write command. 
5 The start sector address SA and the write size L are 

temporarily stored in the host information memory 118. The 
memory controller 116, based on the start sector address SA 
and the write size L temporarily stored in the host 
information memory 118 and parameters (sector address N) being 

10 indicative of interface between the first half area and second 
half area of the nonvolatile memory 117, determines whether or 
not SA is less than N (step S101) . Further, if SA is less 
than N, it is determined whether or not SA+L exceeds N (step 
S102) . Accordingly, it is determined whether or not writing 

15 should be performed only in the first half area (memory chip 
A) , only in the last half area (memory chip B) , or in both 
areas . 

If writing is performed only in the first half area, the 
processing goes to step S103 to set a pointer m to L. The 

2 0 pointer m denotes a write size in each memory chip. Then, the 
processing of subroutine (1) is performed (step S104) , and 
then, completed. Further, in step S101, if N is not less than 
SA, writing is performed only in the last half area, therefore 
the pointer m is set to L in step S105 and the processing of 

25 subroutine. (2) is performed in step S106 (step S106) , and then, 



completed. In addition, if writing is performed from the 
first half area to the last half area, that is, if writing is 
performed in two memory chips A and'B, the pointer m is set to 
N-SA in step S107 to perform write processing in the memory 
5 chip A by the subroutine (1) (step S108) . After that, in step 
109, the pointer m is set to L-m to perform write processing 
in the memory chip B by the subroutine (2) in step S110 (step 
Sill) . 

Fig. 5 is a flowchart showing processing of the 

10 subroutine (1) . In this flowchart, when the operation is 

started, it is first checked whether or not mx512 B exceeds 4 
KB in step Sill. In Embodiment 1, a write time of 2 mSec is 
needed when the write data size is 4 KB. The free physical 
area generation section 121 determines, whether or not a 

15 memory chip (here, the memory chip B) other than a memory chip 
to be written is erased, by a write data size that is 8 times 
a 512 B unit, that is, not less than 4 KB or not. An erase 
command is issued when performing erase. If this value 
exceeds 4 KB in step Sill, calculation of (mx512 B) /4 KB is 

20 performed in step S112. Here, n is set as an integer number 
of the quotient. Then, the processing goes to step S113 to 
write data, which is sent to a free block of the memory chip A, 
with address management information. Further, n invalid 
blocks of the memory chip B are simultaneously erased. It is 

25 determined whether or not they are invalid blocks depending on 

13 



whether or not 11 is recorded in the entry table 132. After 
performing erase, the entry table is updated as 01, that is, 
an erased block, for the block. All invalid blocks are erased 
if the number of invalid blocks is not more than n, and 
5 erasing is not needed if there are no invalid blocks. Further, 
if the write data size is less than 4 KB in step Sill, writing 
is performed only in a free block of the memory chip A to 
complete the processing. 

Next, Fig. 6 is a flowchart showing the subroutine (2) . 

10 In this flowchart, when the operation is started, it is first 
checked whether or not mx512 B exceeds 4 KB in step S121. In 
Embodiment 1, an example which a write time of 2 mSec is 
needed when the write data size is 4 KB is shown, and the free 
physical area generation section 121 determines, whether or 

15 not a memory chip (here, the memory chip A) other than a 

memory chip to be written is erased, by a write data size that 
is 8 times a 512 B unit, that is, not less than 4 KB or not. 
An erase command is issued when performing erase. If this 
value exceeds 4 KB in step S121, calculation of (mx512 B) /4 KB 

20 is performed in step S122. Here, n is set as an integer 

number of the quotient. Then, the processing goes to step 
S123 to write data, which is sent to a free block of the 
memory chip B, with address management information. Further, 
n invalid blocks of the memory chip A are simultaneously 

25 erased. It is determined whether or not they are invalid 



blocks depending on whether or not 11 is recorded in the entry 
table 132, After performing erase, the entry table is updated 
as 01, that is, an erased block, for the block. All invalid 
blocks are erased if the number of invalid blocks is not more 
5 than n, and erasing is not needed if there are no invalid 

blocks. Further, if the write data size is not more than 4 KB 
in step S121, writing is performed only in a free block of the 
memory chip B to complete the processing. 

Next, writing in the memory chip A and erase processing 

.10 in the memory chip B in step S113 will be described by using a 
time chart. Fig. 7 shows a time chart when the write size is 
4 KB in the case of writing only in the first half area 
(memory chip A) . The upper part of Fig. 7 shows access to the 
memory chip A. An issue period of a write command WC is a 

15 period for transferring write instruction to the nonvolatile 
memory chip A and an address to be written. A data transfer 
(DATA) period is a period for transferring write data to the 
memory chip A. Further, a program busy period (BUSY) is a 
period for actually writing write data in the memory chip A. 

20 Actually, a write command is issued by the nonvolatile memory 
access section 123. After that, in transferring data, write 
data of 512 B for one sector and data of 16 B for a management 
area corresponding to the write data, that is, a data transfer 
of 528 B is performed. This period is approximately 50 jas. A 

25 busy flag (BUSY) is then flagged at write time. This period 

15 
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is approximately 200 \xs . When writing (Wl) in the first sector 
is completed in this way, writing by similar processing is 
repeated in the next sector. By writing data for 8 sectors in 
this way, one physical block, that is, data for 4 KB can be 
5 written. The data write time required for this 4 KB is 250x8 
(\xs) , that is, approximately 2 ms . 

On the other hand, in synchronization with this, erase 
processing requiring almost the same time is performed in the 
memory chip B. A block to be erased in the memory chip B is a 

10 physical block shown as an invalid block (11 in binary) in the 
entry table 132. An erase command EC is issued to this 
physical block. By doing this, an erase busy signal (BUSY) 
can be obtained in the erase period, and erasing can be 
performed during this time. 

15 Here, when a NAND type flash memory or the like is used 

as the nonvolatile memory, the erase busy time is longer (for 
example, 2 mSec) compared to the program busy time (200 jus) . 

By the above-mentioned processing, when a write size in 
the memory chip A is not less than 4 KB, writing process is 

2 0 simultaneously performed with erasing in the memory chip B, 
thereby permitting the entire processing performance to be 
rationalized because of not exposing an erase time. By 
further calculating the number of erase blocks corresponding 
to the write size L, processing performance is not degraded 

25 and as many as possible of sectors can be erased. 

16 



Further, Fig. 7 shows an example in which writing in the 
memory chip A and erasing in the memory chip B are 
simultaneously performed; however, as shown in step S123 of a 
flowchart in Fig. 6, in the case of writing in the memory chip 
5 B and erasing in the memory chip A, the same operations are 
performed although the memory chips A and B are merely 
reversed. In addition, in the case of writing in both memory 
chips A and B, these processing are sequentially performed. 

Further, in this embodiment, the memory chips A and B of 

10 the nonvolatile memory 117 are connected to the memory 
controller 116 with independent buses, but they may be 
commonly connected with one bus. In that case, however, the 
free physical area generation section 121 staggers issuing 
timing between the write command WC and the data transfer 

15 period, and the erase command temporarily so that bus conflict 
does not occur between the write command and the erase command 
of Fig. 7. That is, as shown in Fig. 8, the erase command EC 
is issued after the write command issue period WC using a bus 
and the data transfer period (DATA) . Then, if the BUSY state 

20 is completed after issuing the erase command, the write 

command of the next sector and data transfer following this 
write command are performed. This enables a plurality of 
memory chips and the memory controller to be commonly 
connected with one bus. 

25 Further, in this embodiment, in the case of requiring a 
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write time which corresponds to the erase time of the erase 
block, erasing and writing are performed in parallel. Values 
shown here are one example and these values can be 
appropriately selected according to the write time and the 
5 erase time. 

In addition, the logical/physical conversion table shown 
in Fig. 2 may be a conversion table for converting at a block 
unit. Further, it may be converted at a unit which a 
plurality of erase blocks serves as a group. Furthermore, in 
10 this embodiment, two memory chips are used as the nonvolatile 
memory; however, it may be constituted by using a plurality of 
any memory chip. 

(Embodiment 2) 

15 Fig. 9 is a block diagram showing a semiconductor memory 

card according to Embodiment 2 of the present invention. In 
this figure, an access unit 100 is connected to a 
semiconductor memory card 111. The semiconductor memory card 
111 includes a host interface (I/F) section 112, a CPU 113, a 

20 RAM 114, a ROM 115, a memory controller 141, a nonvolatile 
memory 117, and a host information memory 142. The host 
interface section 112 is an interface for sending/receiving 
control signals and data to/from the access unit 100. The ROM 
115 stores a program for controlling the semiconductor memory 

25 card 111. The program runs on the CPU 113 using the RAM 114 
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as a temporary storage area. The memory controller 116 is an 
element for controlling the nonvolatile memory 117. The 
nonvolatile memory 117 is a data storage area in the 
semiconductor memory card 111. The memory controller 141 
5 includes a logical/physical conversion control section 143 and 
a nonvolatile memory access section 144. The logical/physical 
conversion control section 143 includes a logical/physical 
conversion table and an entry table. The nonvolatile memory 
access section 144 performs writing, reading, and erasing of 

10 data by directly accessing the nonvolatile memory 117 from the 
memory controller 141. 

The nonvolatile memory 117 is composed of memory chips A 
and B of two flash memories and each nonvolatile memory chip 
has a data capacity of 16 MB, for example. The nonvolatile 

15 memory 117, as will be described later, is composed of an 

address management area and a data area. Two memory chips A 
and B are connected to the memory controller 141 with 
independent bidirectional buses No. 0 and No. 1 

The host information memory 142 stores an access speed 

20 transferred by the access unit 100, and either state of a high 
speed mode or a low speed mode is stored. When the high speed 
mode is set, since the nonvolatile memory access section 144 
permits access with a large peak current, access at high speed 
is performed upon accessing the nonvolatile memory 1117. 

25 Further, when the low speed mode is set, upon accessing the 

19 



nonvolatile memory 117, it is controlled so that the load on 
the power supply is alleviated by decreasing the peak current. 

Fig. 10 is an explanatory diagram showing an internal 
configuration of memory chips A and B. Each of the memory 
5 chips A and B in the nonvolatile memory 117 is respectively 
divided into four banks, bank BO to bank B3. Bank BO to bank 
B3 perform writing simultaneously at each page unit. Each 
erase block EB (4 KB = 4224 B) is composed of two pages, that 
is, page 0 and page 1. All eight erase blocks composed by 

10 each one erase block in every bank of the memory chips A and B 
constitute as a logical section LS . The entire nonvolatile 
memory 117 is composed by 256 sections, LSO to LS255. 

The operation of the semiconductor memory card and the 
access unit as configured above will be described with 

15 reference to mainly Figs. 10 and 11. First, when initializing 
after powering on the access unit 100, or when switching on 
the access unit 100, the speed mode is transferred to be 
stored in the host information memory 142. The nonvolatile 
memory access section 144 determines an access mode with 

20 reference to the speed mode stored in the host information 
memory 142. 

Next, the case of the high speed mode will be described 
by using Fig. 11. When writing at the high speed mode is 
performed, write data A, B, C, D, ... are continuously 
25 transferred from the access unit 100 via the host interface 



section 112 as shown in Fig. 11. Here, logical addresses of 
the write data are continuous addresses. The thus-transferred 
dada are first stored in buffer. The addresses are converted 
to physical addresses by the logical/physical conversion 
5 control section 143. The data and addresses are written in 

the memory chip A via the bus No. 0. Here, WC denotes a write 
command. Further, Tl denotes a data transfer period and T2 
denotes a program busy time in which write processing in the 
memory chip A is actually performed. When data transfer of 

10 the bus No. 0 is completed, followed by the write command to 
the bus No. 1, data transfer of the data B is subsequently 
performed in the period of Tl. Writing of the data is 
performed in the memory chip B in the period of T2 . During 
the writing, when write processing is completed in the memory 

15 chip A, write command, data transfer of the data C, and 

writing are performed from the bus No. 0. Further, writing in 
the memory chip B is completed, transfer of write command and 
the data D, and data writing processing are performed. As 
describe above, the write time of the data A and C and the 

20 write time of the data B and D are overlapped as shown in Fig. 
11, but writing processing with high speed is performed by 
writing in parallel. 

On the other hand, the case that the speed mode set for 
the host information memory 142 is a low speed mode will be 

25 described by using Fig. 12. An actual write period of write 
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data A, B, C, D, . .., that is, a program busy period is a 
period that consumes much current compared to data transfer . 
In the low speed mode, writing is controlled so that the 
program busy time is not overlapped temporally. More 
5 specifically, the write command WC is issued for the bus No. 0, 
and if the data A is transferred, writing in the memory chip A 
is performed to become the program busy (BUSY) during this 
period. The nonvolatile memory access section 144 feedbacks a 
card busy signal to the access unit 100 to stop data transfer 

10 until the write processing is completed and release of the 

program busy signal (BUSY) of the memory chip A to be written 
is informed to the nonvolatile memory access section 144. 
After that, when the stop is released, the data B is 
subsequently transferred from the access unit 100. After this, 

15 the write command WC is issued to the bus No. 1 to perform 
data transfer of the data B. Consequently, it becomes the 
program busy (BUSY) when writing by the memory chip. During 
this time, the data transfer is stopped by the access unit 100. 
If the writing is completed, the next data C is transferred to 

20 repeat the same processing. By such a bidirectional control, 
program busy period which consumes much current is dispersed 
to suppress the peak current. 

Consequently, when the access unit 100 in which 
withstanding current value of a power supply circuit is low is 

25 used, the access unit 100 sets the host information memory 142 
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to be the low speed mode in order to select the low speed mode. 
On the other hand, when high speed access is required in the 
case of using the access unit 100 in which withstanding 
current value of the power supply circuit is high, the access 
5 unit 100 sets host information memory 142 to be the high speed 
mode. The nonvolatile memory access section 144 selects the 
access mode shown in Fig. 11 or 12 to perform writing control 
corresponding to each mode. 

Further, this embodiment switches between the high speed 

10 mode which permits overlap of data write and the low speed 
mode which does not permit the overlap by using two memory 
chips A and B. In the case of many further memory chips, four 
memory chips, for example, it may be switched between the low 
speed mode which permits overlapped writing of two memory 

15 chips and the high speed mode which can simultaneously perform 
writing in all memory chips. Further, only writing in either 
memory chip may be permitted at low speed mode, and overlapped 
writing in two or more memory chips may be permitted at high 
speed mode. 

20 The semiconductor memory card according to this 

embodiment is a semiconductor memory card used by being 
connected to an access unit, comprises: 

a host interface section which sends a control signal and 
data to the access unit and receives a signal from the access 

25 unit; 



a nonvolatile memory which includes a plurality of 
nonvolatile memory chips and in which a plurality of 
continuous sectors is grouped to be a block as a minimum unit 
of data erasing; 
5 a memory controller which is connected to each of the 

plurality of nonvolatile memory chips with respectively 
independent bidirectional buses and controls erasing, writing, 
and reading of data; and 

a host information memory which temporarily stores a 
10 write speed mode given by the access unit, wherein 

the memory controller includes a nonvolatile memory 
access section which performs writing with respect to the 
plurality of nonvolatile memory chips with controlling write 
timing to each of the plurality of nonvolatile memories 
15 depending on a speed mode stored in the host information 
memory . 

Here, writing is performed in parallel with respect to 
the plurality of nonvolatile memory chips when the write speed 
mode stored in the host information memory is a high speed 
20 mode, and writing is sequentially performed with respect to 

the plurality of nonvolatile memory chips when the write speed 
mode stored in the host information memory is a low speed mode. 

Further, the semiconductor memory control method 
according to this embodiment is a semiconductor memory control 
25 method in a semiconductor memory card having a nonvolatile 
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memory which includes a plurality of nonvolatile memory chips 
and in which a plurality of continuous sectors is grouped to 
be a block as a minimum unit of data erasing, the method 
including the step of: 
5 performing writing with respect to the plurality of 

nonvolatile memory chips with controlling write timing to each 
of the plurality of nonvolatile memories depending on the 
speed mode stored in the host information memory. 

10 (Embodiment 3) 

Next, Embodiment 3 of the present invention will be 
described. Fig. 13 is a block diagram showing a semiconductor 
memory card according to this embodiment. In Fig. 13, an 
access unit 100 is connected to a semiconductor memory card 

15 111. The semiconductor memory card 111 includes a host 

interface (I/F) section 112, a CPU 113, a RAM 114, a ROM 115, 
a memory controller 151, a nonvolatile memory 117, and a host 
information memory 155. The host interface section 112 is an 
interface for sending/receiving control signals and data 

20 to/from the access unit 100. The ROM 115 stores a program for 
controlling the semiconductor memory card 111. The program 
runs on the CPU 113 using the RAM 114 as a temporary storage 
area. The memory controller 151 is an element for controlling 
the nonvolatile memory 117. The nonvolatile memory 117 is a 

25 data storage area in the semiconductor memory card 111. The 
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memory controller 151 includes a logical/physical conversion 
control section 152, a free physical area generation section 
153, and a nonvolatile memory access section 154. The 
logical/physical conversion control section 152, as will be 
5 described later, includes a logical/physical conversion table 
156 and an entry table 157. Further, the free physical area 
generation section 153 organizes a recorded state in the 
nonvolatile memory 117 to increase a free block (erased block) 
and to be in a writable state at any time without erasing 

10 before writing. The nonvolatile memory 117 may be one memory 

chip or may be those using a plurality of nonvolatile memories. 
In addition, an erase block in the nonvolatile memory 117 is 
the same as Fig. 3 of Embodiment 1. 

Here, at the time that data is written in the sector not 

15 less than a predetermined threshold Thl at each erase block 
unit, the free physical area generation section 153 sets the 
erase block as a def ragmentation object block to register it 
in the entry table of the logical/physical conversion control 
section 152 to be described later. Further, as will be 

20 described later, the free block in the entry table is counted 
and a def ragmentation request signal is sent to the access 
unit 100 when the counted value becomes not more than a 
predetermined threshold Th2 . 

Fig. 14 is an explanatory view showing a logical/physical 

25 conversion control section 152. The logical/physical 
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conversion control section 152 is a table which manages 
conversion processing from a logical sector address LSA 
designated by the access unit 100 to a physical sector address 
PSA and states of respective physical blocks. The table is 
5 composed of the logical/physical conversion table 156 which 

converts the logical sector address LSA to the physical sector 
address PSA and the entry table 157. The entry table 157 
stores 3-bit information which shows a state of each physical 
block corresponding to respective block addresses PBAO to M-l. 

10 Here, 000 denotes a valid block, 011 denotes an invalid block, 
010 denotes a defective block, 001 denotes a free block, that 
is, an erased block, and 100 denotes an objective block which 
def ragmentation is to be made. These two tables are stored in 
a volatile memory such as RAM. . During initialization 

15 immediately after power on, the CPU 113 reads information 
stored in the management area of each erase block of the 
nonvolatile memory 117 to produce the logical/physical 
conversion table 156 and the entry table 157 on the RAM in the 
logical/physical conversion control section 152. 

20 The operation of the semiconductor memory card and the 

access unit as configured above will be described with mainly 
reference to Figs. 15 and 16. While the access unit 100 
performs processing such as writing in the semiconductor 
memory card, the number of free blocks in the nonvolatile 

25 memory 117 gradually decreases. Here, in Embodiment 3, as in 

27 



Embodiment 2, each sector (page) in the erase block is not 
written in logical order, but logical sectors transferred by 
the access unit 100 are written in ascending order of the 
erase blocks regardless of their logical sector address. More 
5 specifically, as shown in Fig. 15, when the access unit 100 
issues commands for writing in the logical sectors LS4, LSO, 
LSO, LSI, LS3, writing is performed in ascending order at 

the position of the sector Nos. 0, 1, 2, 3, ... of the erase 
block 1. Further, N is a flag showing new flag information, 0 

10 is a flag showing old flag information.. 

Fig. 16 is a flowchart showing processing of the 
semiconductor memory card. When the operation starts, it is 
checked whether or not there is an access request in step S301 
first, and if there is no access request, it is checked 

15 whether or not there is a def ragmentation instruction (step 
S302) . If there is the access request, card access is 
performed in step S303. Then, it is checked whether or not 
the valid sector written in step S303 in the erase block of 
the nonvolatile memory exceeds the threshold Thl . If it is 

20 not more than the threshold Thl, similar processing is 

repeated by getting back to the loop in steps S301 and S302. 
When the card access is forwarded and at the time that the 
sector, which exceeds the threshold Thl, is written in the 
erase block, the free physical area generation section 153 

25 registers the erase block as the def ragmentation object block 
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in the entry table 157 of Fig. 14 (step S305) . Then, the data 
of logical sectors, subsequently transferred by the access 
unit 100, is written searching another free block (erased 
block) from the entry table 157. By continuing this process, 
5 the number of the free blocks in the entry table is gradually 
decreased, on the contrary, the number of the de fragmentation 
object blocks is increased. The free physical area generation 
section 153 sets the erase blocks as the def ragmentation 
object blocks in step S305, after that, counts the number of 

10 free blocks going to step S306 to check whether or not it is 
not more than the threshold Th2 . If the number of the free 
blocks exceeds the threshold Th2, similar processing is 
repeated getting back to the loop in steps S301 and S302. If 
the number of the free blocks is not more than the threshold, 

15 the number of the def ragmentation object blocks is ordinarily 
considered to be many, and therefore, the def ragmentation 
request signal is sent to the access unit 100 going to step 
S307. Further, in step S306, the number of the 
def ragmentation object blocks may be counted instead of the 

20 number of the free blocks. In addition, an access count value 
may be sent to the access unit 100 in place of the 
def ragmentation request signal in step S307. 

Upon receipt of the def ragmentation request signal, the 
access unit 100 may immediately transfer a def ragmentation 

25 instruction signal to the semiconductor memory card 111. 
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Further, when obtaining the above-mentioned count value, based 
on the count value, the def ragmentation instruction signal may 
be issued corresponding to subsequently transferring data 
capacity after assessing a transfer period of the 
5 def ragmentation instruction signal. When the memory card 
receives the def ragmentation request signal from the access 
unit, processing goes to step S308 from step S302 to 
temporarily store the def ragmentation instruction signal 
transferred by the access unit 100 to the host information 
10 memory 155. Then, the free physical area generation section 
153 refers to this and issues an instruction of 
def ragmentation processing to the nonvolatile memory access 
section 154. 

For example, in Fig. 15, erase blocks EB1 and EB5 serve 
15 as the erase blocks registered as the def ragmentation object 
blocks. In this case, instruction of reading/writing is 
issued to the nonvolatile memory access section 154 so that 
merge processing is performed in the free erase block 9 in the 
order of the logical sectors by seeing each sector number 
20 (only sector in which a new flag N is marked) of the erase 
blocks EB1 and EB5 . In accordance with the instruction, as 
shown in Fig. 15, the nonvolatile memory access section 154 
copies in the free erase block 9 from the logical sectors in 
which the new flag N is flagged in the erase blocks EB1 and 
25 EB5 . After that, the erase blocks EB1 and EB5 are registered 
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in the entry table 157 as invalid blocks. This performs 
def ragmentation according to the instruction by the access 
unit, whereby def ragmentation can be performed, when necessary, 
without lowering speed compared to the case that the 
5 semiconductor memory card performs def ragmentation without 
instruction by the access unit. 

Further, the logical/physical conversion table and the 
entry table may use volatile reading/writing memories other 
than RAM if they perform access in a comparatively high speed. 

10 Here, the semiconductor memory card according to this 

embodiment is a semiconductor memory card used by being 
connected to an access unit. The semiconductor memory card 
comprises: a host interface section which sends a control 
signal and data to the access unit and receives a signal from 

15 the access unit; a nonvolatile memory which includes a 

plurality of nonvolatile memory chips and in which a plurality 
of continuous sectors is grouped to be a block as a minimum 
unit of data erasing; a memory controller which controls 
erasing, writing, and reading of data with respect to the 

20 nonvolatile memory; and a host information memory which 

temporarily stores a def ragmentation instruction signal given 
by the access unit. Herein, the memory controller includes a 
free physical area generation section which detects a 
remaining amount of erased blocks of the nonvolatile memory, 

25 issues a def ragmentation request signal to the access unit 
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when the number of erased blocks is a predetermined number or 
less, and executes def ragmentation when the def ragmentation 
instruction signal is temporarily stored in the host 
information memory. 

Further, the semiconductor memory control method 
according to this embodiment is a semiconductor memory control 
method in a semiconductor memory card having a nonvolatile 
memory which includes a plurality of nonvolatile memory chips 
and in which a plurality of continuous sectors is grouped to 
be a block as a minimum unit of data erasing. The 
semiconductor memory control method comprises the steps of: 
temporarily storing a def ragmentation instruction signal given 
by an access unit in a host information memory; detecting a 
remaining amount of erased blocks of the nonvolatile memory; 
issuing a def ragmentation request signal to the access unit 
when the number of erased blocks is a predetermined number or 
less; and executing def ragmentation when the def ragmentation 
instruction signal is temporarily stored in the host 
information memory. 

(Embodiment 4) 

Fig. 17 is a block diagram showing an access unit and a 
semiconductor memory card according to Embodiment 4 of the 
present invention. In Fig. 17, an access unit 100 is 
connected to a semiconductor memory card 111. The 

32 



semiconductor memory card 111 includes a host interface (I/F) 
section 112, a CPU 113, a RAM 114, a ROM 115, a memory 
controller 161, a nonvolatile memory 164, and a host 
information memory 165. The host interface section 112 is an 
5 interface for sending/receiving control signals and data 

to/from the access unit 100. The ROM 115 stores a program for 
controlling the semiconductor memory card 111. The program 
operates on the CPU 113 using the RAM 114 as a temporary 
storage area. The memory controller 161 is an element for 

10 controlling the nonvolatile memory 164. The nonvolatile 

memory 164 is a data storage area in the semiconductor memory 
card 111. The memory controller 164 includes a 
logical/physical conversion control section 162 and a 
nonvolatile memory access section 163. The nonvolatile memory 

15 access section 163 performs writing, reading, and erasing of 

data by directly accessing the nonvolatile memory 164 from the 
memory controller 161. 

Further, the host information memory 165 temporarily 
stores an allocation table update instruction signal from the 

20 access unit 100. 

Fig. 18 is an explanatory view showing an internal 
configuration of a nonvolatile memory 164. An erase block and 
page specifications of the nonvolatile memory 164 are the same 
as those of the nonvolatile memory chip of Embodiment 2. The 

25 nonvolatile memory 164 is different from Embodiments 1 to 3 
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and address management information is stored in an allocation 
table (AT) area of the nonvolatile memory 164 in a format type 
of the logical/physical conversion table and the entry table. 
Here, the allocation table (AT) denotes a table which the 
5 memory controller 161 controls the nonvolatile memory 164. 

The allocation table area (AT area) is to collectively record 
AT which is management information in another area different 
from the data area. If the number of the erase blocks 
existing in the nonvolatile memory 164 is very large, when the 

10 method of producing the logical/physical conversion table and 
an entry table on the RAM is adopted, based on the management 
information of the management area in each erase block at 
initialization as in Embodiments 1 to 3, it takes 
comparatively much time. Consequently, in the case of using 

15 the nonvolatile memory whose number of the erase blocks of is 
large, an AT management system (hereinafter, referred to as a 
centralized store system) in which management information is 
intensively stored in the specified AT area of the nonvolatile 
memory 164, is adopted in order to shorten the initialization 

20 time. 

The logical/physical conversion control section 162 
includes the logical/physical conversion table and the entry 
table. Both are stored in volatile memories such as RAM. 
During initialization immediately after power on, the CPU 113 
25 reads the allocation table on the AT area of the nonvolatile 
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memory 164 to produce the logical/physical conversion table 
and the entry table on the RAM in the logical/physical 
conversion control section 162. Reading of data from the AT 
area, that is, AT read may be only during initialization when 
5 AT manages all data areas. 

The operation of the semiconductor memory card and the 
access unit as configured above will be described with mainly 
reference to Figs. 18 to 20. Fig. 19 is an explanatory view 
showing an access form of the conventional nonvolatile memory 

10 access section. Fig. 20 is an explanatory view showing an 

access mode of the nonvolatile memory access section 163. The 
conventional semiconductor memory card simultaneously updates 
the table of the logical/physical conversion control section 
162 every writing data by the access unit 100. Accordingly, 

15 updated table of the logical/physical conversion control 

section 162 need to be written back to the nonvolatile memory 
164. Fig. 19 shows processing of data write information. 
Data write denotes a data write period, and AT write denotes 
processing in which the updated table of the logical/physical 

20 conversion control section 162 is written back to the AT area 
in the nonvolatile memory 164. 

The processing performance is degraded by temporal 
overhead which is required for this AT write. More 
particularly, when data write capacity is small, proportion of 

25 the AT write time to the entire processing time (data write 
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time + AT write time) becomes comparatively large to have a 
problem. 

In the system that the access unit 100 continuously 
writes user data having in the order of several hundreds 
5 kilobytes in size, for example, and a FAT update on the side 
of the access unit 100 also updates in the order of several 
hundreds kilobytes, AT may update corresponding to its cycle. 
The reason is that when a file allocation table (hereinafter, 
referred to as FAT) is updated and power-off or the like 

10 occurs before the completion of writing in the nonvolatile 
memory 164, FAT is not updated, and therefore, AT also need 
not update. Meanwhile, it may be said that it is more 
reasonable if the FAT update matches the AT update. A span of 
the FAT update differs according to usage of the access unit 

15 100. Accordingly, in order to optimize processing performance 
corresponding to the usage , timing of the AT update may be 
controlled by the access unit 100 to transfer an AT update 
instruction signal. Consequently, in Embodiment 4, the AT 
update instruction signal, which the access unit 100 instructs 

20 the AT update, is used. 

In this embodiment, as shown in Fig. 20, writing in the 
FAT is completed after writing a plurality of data, and then, 
the AT update instruction signal is supplied to the 
semiconductor memory card by the access unit 100, that is the 

25 host. The AT update instruction signal is first stored in the 
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host information memory 165. The nonvolatile memory access 
section 163 writes information of the logical/physical 
conversion table and conversion table in the updated 
logical/physical conversion control section 162 as AT in the 
5 AT area of the nonvolatile memory 164. 

As with the above, when also a plurality of data are 
erased, writing in the FAT is completed, and then, the AT 
update instruction signal is supplied to the semiconductor 
memory card by the access unit 100, that is the host. The AT 

10 update instruction signal is first stored in the host 

information memory 165. The nonvolatile memory access section 
163 writes information of the logical/physical conversion 
table and conversion table in the updated logical/physical 
conversion control section 162 as AT in the AT area of the 

15 nonvolatile memory 164. Consequently, temporal overhead when 
writing in AT can be reduced and processing performance can be 
improved . 

Here, the semiconductor memory card according to this 
embodiment is a semiconductor memory card used by being 

20 connected to an access unit. The semiconductor memory card 
comprises: a host interface section which sends a control 
signal and data to the access unit and receives a signal from 
the access unit; a nonvolatile memory in which a plurality of 
continuous sectors is grouped to be a block as a minimum unit 

25 of data erasing, and in which an address management 
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information area and a user data area are stored in respective 
different blocks; a memory controller which has a volatile 
memory holding address management information, performs 
erasing, writing, and reading of data, and updates the 
5 volatile memory in every erasing, and writing of data; and a 
host information memory which temporarily stores address 
management information update signal transferred from the 
access unit. Herein, the memory controller includes a 
nonvolatile memory access section which writes data 

10 transferred when a write command and data are given by the 
access unit to the nonvolatile memory, erases blocks 
designated when an erase command- is given, and writes address 
management information held in the volatile memory of the 
memory controller to the address management information area 

15 of the nonvolatile memory when the address management 

information update signal is held in the host information 
memory . 

Further, the semiconductor memory control method 
according to this embodiment is a semiconductor memory control 

20 method in a semiconductor memory card having a nonvolatile 

memory in which a plurality of continuous sectors is grouped 
to be a block as a minimum unit of data erasing, and in which 
an address management information area and a user data area 
are stored in respective different blocks. The semiconductor 

25 memory control method includes the steps of: updating a 
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volatile memory, which is provided for holding address 
management information, in every erasing, and writing of data 
with respect to the nonvolatile memory; temporarily storing an 
address management information update signal transferred from 
5 the access unit in a host information memory; writing data 
transferred when a write command and data are given by the 
access unit to the nonvolatile memory; erasing blocks 
designated when an erase command is given; and writing the 
address management information held in the volatile memory of 
10 the memory controller to the address management information 
area of the nonvolatile memory when the address management 
information update signal is held in the host information 
memory. 

15 Industrial Applicability 

A semiconductor memory card and a semiconductor memory 
control apparatus related to the present invention can realize 
high speed access with respect to the semiconductor memory 
card by optimizing processing on either side or on both sides 

20 of an access unit and the semiconductor memory card. Such a 
semiconductor memory card, an access unit, or a method can be 
applied to digital AV apparatuses, mobile telephone terminals, 
digital cameras, PCs, and the like in which a semiconductor 
memory card is used as a recording medium, and more 

25 particularly, can suitably function in the case for use in 
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recording media and apparatuses that record high quality AV 
data having a high transfer rate. 
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